This study examined the concentration (mg/g) of trans polyunsaturated fatty acid (TPFA) in five soybean oil brands by gas-liquid chromatography. Tricosanoic acid methyl ester was used as the internal standard. All samples analyzed presented trans 18:2 fatty and trans 18:3 acids in detectable amounts. The concentration of TPFA ranged from 5.8 to 30.2 mg/g, with a mean concentration value of 18.4 mg/g. Trans 18:3 fatty acids had the highest TPFA group concentrations, which ranged from 3.9 to 16.3 mg/g. The main isomer of this group presented the 9c, 12c, 15t configuration. For trans 18:2 fatty acids, concentrations ranged from 1.9 to 14.0 mg/g with a mean value of 8.1 mg/g. Alpha-linolenic acid (all cis) concentrations ranged from 30.7 to 60.6 mg/g and their degree of isomerization ranged from 6.0 to 31.5, indicating that the deodorization process varies from one producer to another. From per capita consumption of soybean oil brands in Brazil and their TPFA concentrations, it is possible to conclude that their contribution to the average TPFA intake per person in Brazil is 0.4 g/d.
Introduction
There is a mounting concern about the intake of foods containing trans fatty acids due to their deleterious effects on human health. Among these effects, the followings stand out: increased plasma levels of low density lipoprotein (LDL) and lipoprotein [a] , decreased levels of high density lipoprotein (HDL), and worsening of allergies. 1, 2 Similarly to fatty acid with cis unsaturations, trans fatty acids are considered polyunsaturated if they present two or more unsaturations. 3, 4 Thus, geometric isomers of linoleic (18:2 9c, 12c) and alpha-linolenic (18:3 9c, 12c, 15c) acids make up the polyunsaturated trans fatty acids found in foods containing vegetable oils and fats.
Although monounsaturated trans fatty acids is the main trans group ingested by most people, the presence of trans polyunsaturated fatty acids (TPFA) in significant levels has also been investigated in foods containing partially hydrogenated fats, 5 fried foods, 6 and refined oils. 4 The formation of TPFA in refined oils occurs during the deodorization step of processing. This step aims to remove solvent and pesticide residues and to improve oil organoleptic characteristics; it is usually carried out at temperatures ranging from 180 to 270˚C. 7 In the last decades, much soybean oil has been consumed in Brazil and in many industrialized countries. 7, 8 In addition, as it presents a lower linoleic and alpha-linoleic acid rate than those of most commercial oils, its consumption has been stimulated. Thus, the objective of this work was to determine the concentrations of TPFA in the main soybean oil brands consumed in Brazil by using gas chromatography. We used an internal standard methodology which affords results expressed through the ratio between the amounts of fatty acid and oil or fat which can be easily interpreted and compared our method allows drafting reference composition tables for food and health professionals.
Experimental

Sample selection
Five soybean oil brands from major Brazilian oil processing companies were analyzed. The brands were labeled A, B, C, D, and E and were evaluated in four brand lots and two unit lots. Each lot was analyzed separately and in triplicate.
Procedure
The preparation of fatty acid methyl esters was carried out by the methods proposed by Hartman and Lago. 9 In a test tube, 30 ± 1 mg of soybean oil was weighted and 500 µL of a 0.5 mg/mL solution of methyl tricosanoate in n-heptane was added. After solvent evaporation under nitrogen flow, the lipids were saponified in 0.5 mol/L sodium hydroxide in methanol and esterified with a mixture of ammonium chloride, methanol, and sulfuric acid in the proportion of 1:30:1.5 (m/v/v). After the addition of the saturated sodium chloride solution, the esters were extracted with 1 mL n-heptane.
Fatty acid esters were separated in a gas chromatograph 14-A (Shimadzu, Japan), equipped with a fused silica capillary column CP Sil-88 (50 m × 0.25 mm i.d., × 0.25 µm film) and a flame ionization detector. The gas flow rates used were 1.0 mL min -1 carrier gas (H2), 30 mL min -1 make-up gas (N2), and 30 and 300 mL min -1 flame gases (H2 and synthetic air, respectively). The sample splitting rate was 1:50. The column was heated to 170˚C in 14 min and then the temperature was Injector and detector temperatures were 225˚C and 245˚C min -1 . Samples (2 µL) were injected in triplicate. Peak areas were determined with an Integrator-Processor CG-300 (Instrumentos Científicos CG). TPFA 18:3 was identified by using methyl esters of linoleic oil prepared according to Grangirard et al. 10 as reference. The elution order was based on equivalent chain length (ECL) values. 11 For TPFA 18:2, alpha-linolenic acid and other fatty acids, we used methyl ester standard (Sigma).
The quantification of TPFA and alpha-linolenic acid in mg/g was related to the internal standard methyl tricosanoate (23:0) by a method similar to that proposed elsewhere. 12 The response factors of linoleic and alpha-linolenic acids were used in the quantification of their geometric isomers, as they present the same number of unsaturations and active carbons. 13 The limits of detection and quantification were determined by considering the signal-noise rate of 3 and 10, respectively, according to the ACS recommendations. 14 The degree of isomerization (DI) of alpha-linolenic acid was determined by the ratio of the concentration of geometrical isomers 18:(3n -3) to the total concentration of 18:3 acids.
Statistical analysis
Mean values were statistically compared by Tukey's test at 5% with one-way ANOVA. Data were processed by using the software Statistica 5.0 (Stasoft, USA).
Results and Discussion
Remarkable stability and robustness were observed when the gas chromatographic method was applied to fatty acid esters analysis in Brazilian refined soybean oils (Fig. 1) . The chromatographic resolutions were adequate and 22 fatty acids were determined in only 20 min. Under the selected operational conditions, the limits of detection and quantification were estimated as 0.15 and 0.5 mg/g, respectively; and no baseline drift was observed during long operating periods (5 h).
The total concentration of TPFA varied from 5.8 to 30.2 mg/g with a mean of 18.4 mg/g oil (Table 1) . Geometric isomers of alpha-linolenic acid constituted the major TPFA group, with contents ranging between 3.9 and 16.3 mg/g oil. In this group, mono-trans acids represented 93.2% of the total trans isomers, on average, with 18:3 9c, 12c, 15t as the major constituent. The presence of di-trans 18:3 9t, 12c, 15t was observed in all lots of brands A, B, C, and D and it was significantly higher (P < 0.05) for brand C. This fatty acid originates mainly from acid 18:3 9c, 12c, 15t and its formation is rather favored by the use of deodorization temperatures higher than 245˚C. 15 In TPFA group 18:2, the total concentration ranged from 1.9 to 14.0 mg oil with a significant difference (P < 0.05) between brand C and brands A, B, and E. None of the brands evaluated presented acid 18:2 9t, 12t. Fatty acid 18:2 9c, 12t was found in concentrations larger than that of acid 18:2 9t, 12c in all brands, which represents a mean of 55% for this group. The predominance of this fatty acid has been confirmed by other authors 16 in studies of the isomerization kinetics of linoleic acid during soybean oil deodorization. The authors concluded that the formation of 18:2 9c, 12t is about 10% higher than that of 18:2 9t, 12c at 240˚C, and increases to 35% at 260˚C.
Although the quantity of linoleic acid in soybean oil is much larger than that of alpha-linolenic acid, a larger quantity of trans isomers 18:3 was observed in all brands analyzed. This occurs because the bonds of alpha-linolenic acid are more labile than those of linoleic acid, which results in an isomerization probability from 13 to 14-fold larger for (n -3) acids. 5 The degree of isomerization of alpha-linolenic acid ranged from 6.0 to 31.5%, with a mean value of 21.2%. These values indicate that the conditions used by the Brazilian industry in the deodorization step vary to a large extent and that high temperatures are used. In studies carried out with soybean oil in other countries, the mean values of degree of isomerization obtained were as follows: Israel 8.3%, 17 Belgium 17.5%, 18 England 22.0%, 18 and France 12.6%. 4 The comparison of these values with those obtained in the present study indicates that the DI of alpha-linolenic acid of Brazilian oils is rather high, which suggests a significant reduction in the daily intake of the cis form of this fatty acid by the Brazilian population. Based on the per capita consumption of soybean oil in Brazil, approximately 7.5 kg/year, it is possible to estimate the daily intake of TPFA by the population. Thus, based on the mean of all brands evaluated, the intake of TPFA and 18:3 trans is 0.4 and 0.2 g/day, respectively. As to the intake of alpha-linolenic acid, the contribution of soybean oil is 0.8 g/day.
The effect of TPFA on human health has been more and more investigated and differently from trans monounsaturated fatty acids, no significant changes in plasma levels of LDL, HDL, and Lp (a) have been observed. However, these fatty acids also influence the LDL/HDL ratio significantly in relation to those of diets practically free of TPFA. This ratio is one of the main indicators of cardiovascular disease risk and thus the increased intake of TPFA may contribute to increased risk. 19 As the role of fatty acids in human nutrition is better understood, the daily intake of alpha-linolenic acid has been 632 ANALYTICAL SCIENCES APRIL 2006, VOL. 22 stimulated. Many think that the dietary linoleic acid/alphalinolenic acid ratio should be reduced considerably. This will result in an increased consumption of foods rich in alphalinolenic acid, mainly soy and canola oils and increased intake of TPFA. Thus, it is important that the oil industry reevaluate the deodorization step conditions used, seeking to minimize the isomerization of alpha-linolenic and linoleic acids. 
